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376a Tuesday, February 5, 2013crystallography, single-molecule FRET and MD simulation. Allosteric is in
play for 3 very different systems: an enzyme, a phoshorylation-mediated
signaling protein and the inhibition of rhodopsin kinase via protein/protein
interactions. For the latter example, binding by conformational selection and
not via an induced fit is directly demonstrated by flux measurements, the
only rigorous test for the two opposing mechanisms.
The presented data stress the point that highly choreographed chemical integ-
rity AND optimized conformational sampling is a prerequisite for efficient en-
zyme catalysis. The power of an intimate marriage between NMR and other
biophysical methods and MD simulations including a variety of novel pathway
algorithms will be illustrated.
1924-Symp
Structures of Biomolecular Complexes from Heterogeneous Data and
Bayesian Data Analysis
Michael Nilges1,2, Guillaume Bouvier1, Paulo R. Batista1, Yannick Spill1,3.
1Pasteur Institute, Paris, France, 2CNRS, Paris, France, 3Universite´ Paris
Diderot, Paris, France.
To characterize 3D structures of large and often flexible macromolecular com-
plexes, multiple sources of structural data at multiple resolutions need to be
combined. Integrating these data into one consistent picture poses particular
difficulties: data are much more sparse than in high resolution methods; data
sets from heterogeneous sources are of highly different and unknown quality
and information content and may be mutually inconsistent; data are in general
averaged over large ensembles and long measurement times. Also pre-existing
structural knowledge is of different quality, ranging from high-resolution struc-
tures over homology models to low resolution models.
We will outline a general framework, principally based on Bayesian probability
theory. Appropriate models for the major data types used in hybrid approaches
(electron microscopy, cross-linking/ mass spectrometry, various spectroscopy
techniques, SAXS, ..) need to be developed, as well as representations to in-
clude structural knowledge for individual components of the complexes. We
are working towards a multi-scale and multi-technique version of the approach
we introduced for NMR (Rieping et al., Science 309, 303-305, 2005), imple-
mented in the program ISD. We present examples with data from SAXS and
from chemical cross-linking / mass spectrometry.
1925-Symp
Multiscale Simulation of Multiprotein Assemblies: The Challenges of
Ultra-Coarse-Graining
Gregory A. Voth, Ph.D.
University of Chicago, Chicago, IL, USA.
A multiscale theoretical and computational methodology will be described for
studying biomolecular systems across multiple length and time scales, provid-
ing a systematic connection between molecular-scale interactions, coarse-
grained models, and mesoscopic phenomena. At the heart of the approach is
a methodology for deriving ‘‘ultra’’ coarse-grained models that embody the un-
derlying molecular-scale interactions because the approach is based on system-
atic principles from statistical mechanics. However, a critical component of the
methodology is also its connection to experimental structural data, such as
cryo-EM or x-ray, when developing the ultra-coarse-grained models, thus mak-
ing it ‘‘hybrid’’ in its character. Important results from our multiscale simula-
tions will be presented that describe key features of large multiprotein
complexes, such as the HIV-1 virus capsid, actin filaments, and (if time allows)
protein-mediated remodelling of membranes.
Symposium: Interface of Brain and Machines
1926-Symp
Is the Extent of Blood-Brain-Barrier Breach Predictive of Intracortical
Electrode Performance?
Ravi Bellamkonda, Lohitash Karumbaiah, Tarun Saxena, Qi Wang,
Garrett Stanley.
Georgia Institute of Technology, Atlanta, GA, USA.
The feasibility of intracortical electrode based long-term recordings has been
demonstrated. However, long-term stable recordings remain unpredictable
and elusive. Several factors including electrode impedance, astroglial scar,
and chronic inflammation have been proposed as potential determinants of
electrode failure. In an extensive study comparing intracortical electrode shape,
size and implantation condition, we have identified that the single most impor-
tant predictor of electrode performance is the extent of blood-brain-barrier
breach around electrodes. using a combination of non-invasive imaging of
the blood-brain-barrier using fluorescence microtomography (FMT), immuno-
histochemistry and cytokine analysis, we correlate electrode performance to the
inflammatory tissue reaction and the underlying molecular mechanisms that
ultimately result in neuronal apoptosis and recording failure. We suggest thatestablishing a molecular link between
electrode parameters quantitatively via
blood-brain-barrier imaging and cytokine
analysis, along with the ultimate func-
tional performance of electrodes enables
us to not only predict electrode perfor-
mance but also design strategies to im-
prove performance.1927-Symp
Control Theoretic Inverse Models in Bird Song Learning: Theory and
Experiment
Surya Ganguli.
Stanford University, Stanford, CA, USA.
Learning to imitate any motor act imposes a challenge for any neural system;
it must be able to convert the sensory perception of a motor act into the appro-
priate motor commands required to reproduce that act. We propose a novel
mechanism for achieving this conversion through a simple Hebbian learning
mechanism, operating within a sensorimotor feedback loop, that gives rise to
control theoretic inverse models. Our framework predicts the existence of
mirror neurons whose sensory and motor responses display a temporal mirror-
ing offset equal to the sensorimotor loop delay. In collaboration with the
Hahnloser laboratory, we test this prediction by chronically recording from
the cortical output area of a basal-ganglia pathway involved in song learning
in a songbird vocal learner. Sensory responses mirror motor-related activity
with an offset of about 40 ms, in accordance with loop delays estimated using
electrical and auditory stimulation. Thus, cortico-basal ganglia pathways could
potentially support motor learning through circuit mechanisms more powerful
than simple reinforcement strategies.
1928-Symp
Intracortical Brain-Computer Interfaces for the Restoration of Communi-
cation and Mobility
Leigh R. Hochberg1,2.
1Center for Neurorestoration and Neurotechnology, Providence VA Medical
Center, and School of Engineering, Brown University, Providence, RI, USA,
2Department of Neurology, Massachusetts General Hospital and Harvard
Medical School, Boston, MA, USA.
For people with stroke, spinal cord injury, neuromuscular diseases, or other
neurologic illnesses, currently available assistive and rehabilitation technolo-
gies are inadequate. In severe brainstem stroke and advanced ALS, patients
may suddenly or progressively enter a locked-in state of being awake and
alert but unable to move or communicate. Through clinical translation
based on decades of basic neuroscience research, intracortically-based
‘‘brain-computer interfaces’’ are poised to revolutionize our ability to restore
lost function. Over the past decade, neurotechnologies which record the indi-
vidual and simultaneous activities of dozens to hundreds of cortical neurons
have yielded new understandings of cortical function. This preclinical re-
search, generally performed with healthy, neurologically intact non-human
primates, has demonstrated that direct neural control of virtual and physical
devices can be achieved. Recently, this exciting research has been translated
into pilot clinical trials (IDE) of an intracortically-based neural interface
system (BrainGate, www.braingate2.org), seeking to determine the feasibility
of persons with tetraplegia controlling a computer cursor or other devices
simply by imagining movement of their own hand. A variety of methods
for decoding brain signals are being tested with the hope of not only restoring
communication, but also providing a control signal for the reanimation of
paralyzed limbs. A recent paper in Nature described a woman with brainstem
stroke who used the BrainGate system to control a robotic arm to serve
herself her morning coffee, demonstrating not only the critical ability to
reach-and-grasp in her immediate, multidimensional environment, but also
to perform a key activity of daily living using an intracortical BCI. In
BrainGate-related research, early glimpses into the activities of dozens of
individual cortical neurons in humans are also providing new insights and
might provide new diagnostic and therapeutic modalities for people with
epilepsy.
1929-Symp
Recent Work Toward a High-Performance Neural Interface
Andrew Schwartz.
University of Pittsburgh, Pittsburgh, PA, USA.
A better understanding neural population function would be an important
advance in systems neuroscience. The change in emphasis from the single
neuron to the neural ensemble has made it possible to extract high-fidelity
information about movements that will occur in the near future. This ability
is due to the distributed nature of information processing in the brain. Neurons
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level of individual neurons is weak. However, because encoding is redundant
and consistent across the population, extraction methods based on multiple
neurons are capable of generating a faithful representation of intended move-
ment. The realization that useful information is embedded in the population
has spawned the current success of brain-controlled interfaces. Since multiple
movement parameters are encoded simultaneously in the same population of
neurons, we have been gradually increasing the degrees of freedom (DOF)
that a subject can control through the interface. Our early work showed that
3-dimensions could be controlled in a virtual reality task. We then demon-
strated control of an anthropomorphic physical device with 4 DOF in a self-
feeding task. Currently, monkeys in our laboratory are using this interface to
control a very realistic, prosthetic arm with a wrist and hand to grasp objects
in different locations and orientations. Our recent data show that we can extract
10-DOF to add hand shape and dexterity to our control set. This technology has
now been extended has been extended to patients who are paralyzed and cannot
move their arms or hands.
Symposium: Genomics and Biophysics
1930-Symp
Sequencing the Unsequenceable: Expanded CGG Repeats in the Human
FMR1 Gene
Paul J. Hagerman1, John Eid2, Paul Peluso2, David Rank2, Jun Yin1,
Luke Hickey2, Flora Tassone1, Erick Loomis1.
1University of California, Davis, Davis, CA, USA, 2Pacific Biosciences,
Menlo Park, CA, USA.
Alleles of the FMR1 gene with more than 200 CGG repeats generally undergo
methylation-coupled gene silencing, resulting in fragile X syndrome, the lead-
ing heritable form of cognitive impairment. Smaller expansions (55-200 CGG
repeats) result in elevated levels of FMR1 mRNA, which is directly responsible
for the late-onset neurodegenerative disorder, fragile X-associated tremor/
ataxia syndrome (FXTAS). Despite the importance of this gene, no existing
DNA sequencing method is capable of sequencing through more than ~100
CGG repeats, thus limiting the ability to precisely characterize the disease-
causing alleles.
The recent development of single molecule, real-time sequencing represents
a novel approach to DNA sequencing that couples the intrinsic processivity
of DNA polymerase with the ability to read polymerase activity on a single-
molecule basis. Further, the accuracy of the method is improved through the
use of circular templates, such that each molecule can be read multiple times
to produce a circular consensus sequence (CCS). We have succeeded in gener-
ating CCS reads representing multiple passes through both strands of repeat
tracts exceeding 700 CGGs (>2 kb of 100 percent CG) flanked by native
FMR1 sequence, with single-molecule readlengths exceeding 12 kb. This
sequencing approach thus enables us to fully characterize the previously intrac-
table CGG-repeat sequence, leading to a better understanding of the distinct
associated molecular pathologies. The method will enable us to study details
of allele-expansion mosaicism and repeat instability in a manner not previously
possible. Real-time kinetic data also provides insight into the activity of DNA
polymerase inside this unique sequence.
The methodology should be widely applicable for studies of the molecular
pathogenesis of an increasing number of repeat expansion-associated neurode-
generative and neurodevelopmental disorders, and for the efficient identifica-
tion of such disorders in the clinical setting.
1931-Symp
Visualizing Transcription In Vivo at Nucleotide Resolution using Nascent
RNA Sequencing
Stirling Churchman.
Department of Genetics, Harvard Medical School, Boston, MA, USA.
It is now clear that transcription is more complicated than what was thought
even a few years ago both in the intricate use of post-initiation control and
the mass production of rapidly degraded transcripts. Dissection of these path-
ways requires strategies for precisely following transcripts as they are being
produced. Native elongating transcript sequencing - NET-seq, accomplishes
this goal by exploiting the extraordinary stability of the DNA-RNA-RNAP
ternary complex to capture nascent transcripts directly from live cells without
crosslinking. The identity and abundance of the 3’ end of purified transcripts
are revealed by deep sequencing thus providing a quantitative measure of
RNAP density with single nucleotide precision. Our data reveal pervasive
RNA polymerase pausing and backtracking throughout the body of transcripts.
Average pause density shows prominent peaks at each of the first four nucleo-
somes indicating that nucleosome-induced pausing represents a major barrier to
transcriptional elongation in vivo.1932-Symp
Monitoring Protein Synthesis One Codon at a Time through Ribosome
Profiling
Jonathan Weissman1,2.
1University of California, San Francisco, San Francisco, CA, USA, 2HHMI,
Ucsf, CA, USA.
The ability to sequence genomes has far outstripped approaches for deciphering
the information they encode. We have developed a suite of techniques based
on ribosome profiling (deep sequencing of ribosome protected fragments)
that dramatically expand our ability to follow translation in vivo. I will present
recent applications of our ribosome profiling approach including the following:
(1) Development of ribosome profiling protocols for a wide variety of eukary-
otic and prokaryotic organisms. (2) Uses of ribosome profiling to globally
monitor when chaperones, targeting factors or processing enzymes engage
nascent chains. (3) Deciphering the driving force and biological consequences
underlying the choice of synonymous codons.
1933-Symp
Development of Single Molecule Sequencing System for Direct Single Cell
Analysis
Sotaro Uemura.
RIKEN Omics Science Center, Yokohama City, Japan.
The transcriptome is broadly defined as the entire RNA component including
non-coding RNA of an individual cell. Recent studies have shown that gene
expression is invariably heterogeneous even in evidently similar cell types.
Such stochastic variations in the transcriptomes have important implications
for cell-fate decisions. Also differences in transcriptomes may provide critical
information on the composition of cell types in diseased tissues, including
tumors that could contain a small number of cancer stem cells.
Current single-cell techniques typically require several numbers of critical
steps of preparation, such as cDNA synthesis or amplification steps. However
these steps introduce multiple biases and significant sample loss that hardly
reflect the original molecular counts of transcripts at single cell level. To solve
these issues we are developing all in one direct single cell analysis system at
single molecule detection, which has basically minimized number of steps.
In this symposium we report early stage of our progress on the development.
Platform: TRP Channels
1934-Plat
Optical Recording of Single-Channel TRPV1 Activity and Mobility in
Isolated Dorsal Root Ganglion (DRG) Neurons and Cultured Mammalian
Cells
Eric Senning, Sharona E. Gordon.
University of Washington, Seattle, WA, USA.
TRPV1 is a calcium-permeable non-selective cation channel recognized for its
sensitivity to heat, low pH, oxidation and numerous endogenous agonists. To
date there is very little known about the activity of the individual channel in
the intact cell. In order to explore TRPV1 in this context we employed total in-
ternal reflection fluorescence (TIRF) microscopy to observe the open states of
the channel as a fluorescent ‘‘sparklet’’ at the site where calcium influx occurs.
Preliminary investigations into the sparklet activity elicited by capsaicin in
DRG neurons indicate that TRPV1 is free to move laterally in the plasma
membrane while conducting calcium into the cytosol. Importantly, two-state
fluorescent sparklets indicate that channels function independently in vivo. In
HEK293T/17 cells transiently transfected with TRPV1-eGFP we simulta-
neously imaged mobile channels by their eGFP label and their capsaicin-
activated sparklets. We implemented both the eGFP photobleaching subunit
counting strategy as well as sparklet intensity analysis of TRPV1 sites. Consis-
tent with results in DRG neurons, we found that individual channels, rather than
assemblies of channels, were present and functional in the plasma membrane.
Further analysis of the subset of mobile sparklets revealed that the mobility of
TRPV1 sparklets steadily decreased with its open duration. Activity depen-
dence of TRPV1 mobility may represent a new form of channel regulation in
which its function becomes spatially compartmentalized.
1935-Plat
Structural Insights into the Dynamics of the TRPA1ActivationMechanism
Vera Y. Moiseenkova-Bell1, Teresa L. Cvetkov1, Liwen Wang1,
Kevin W. Huynh1, Gregorio Fernandez-Ballester2, Sudha Chakrapani1,
Antonio Ferrer-Montiel2, Mark R. Chance1.
1Case Western Reserve University, Cleveland, OH, USA, 2University Miguel
Hernandez, Elche, Spain.
TRPA1 is a Ca2þ-permeable, non-selective cation channel and one of the key
pain sensors in mammals. Pain sensation mediated by TRPA1 involves modi-
fication of N-terminal cysteine residues on the channel by thiol-reactive
